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RECEIVED 

Summary of Claimed Subject Matter CENTRAL FAX CENTER 

Independent Claim 54. AUG 0 1 2008 

The present invention in one preferred embodiment is directed to an apparatus 
comprising: an interbody spinal fusion implant (40) for surgical implantation within a disc 
space (D) between two adjacent vertebral bodies (V) in a segment of a human spine 
(Specification, first full paragraph on page 12, and Figs. 1 and 12), the implant (40) 
comprising upper and lower portions for contacting each of the adjacent vertebral 
bodies (V) when positioned therein (Figs. 1 and 12), each of the upper and lower 
portions having at least one opening adapted to communicate with one of the adjacent 
vertebral bodies (Fig. 1 2), the openings of the upper and lower portions being in 
communication with one another and adapted for permitting for the growth of bone from 
adjacent vertebral body to adjacent vertebral body through the implant (inherent nature 
of interbody spinal fusion implants, and Fig. 12), the implant (40) including a hollow 
interior for holding bone growth promoting material (inherent nature of interbody spinal 
fusion implants, and Fig. 12), the hollow interior being in communication with at least 
one opening in each of the upper and lower portions (Fig. 12), the implant (40) having 
an insertion end for entry into the spine and a trailing end, the trailing end having a rear 
wall between the upper and lower portions (Figs. 1, 4, and 12); 

a liquid fusion promoting material in at least a portion of the hollow interior to 
promote bone growth from adjacent vertebral body to adjacent vertebral body through 
the implant (Specification, paragraph bridging pages 13 and 14, and Fig. 12 showing 
that a spinal fixation device (10) coated with bone fusion promoting materials is 
provided in at least a portion of the hollow interior); and 

a solid fusion promoting material other than bone, the solid fusion promoting 
material being in at least a portion of the hollow interior to promote bone growth from 
adjacent vertebral body to adjacent vertebral body through the implant (Specification, 
paragraph bridging pages 13 and 14, and Fig. 12 showing that a spinal fixation device 
(10) coated with bone fusion promoting materials is provided in at least a portion of the 
hollow interior). 
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Independent Claim 79, 

The present invention in another preferred embodiment is directed to an 
apparatus comprising: an interbody spinal fusion implant (40) for surgical implantation 
within a disc space (D) between two adjacent vertebral bodies (V) in a segment of a 
human spine (Specification, first full paragraph on page 12, and Figs. 1 and 12), the 
implant (40) comprising upper and lower portions for contacting each of the adjacent 
vertebral bodies (V) when positioned therein (Figs. 1 and 12), each of the upper and 
lower portions having at least one opening adapted to communicate with one of the 
adjacent vertebral bodies (Fig. 12), the openings of the upper and lower portions being 
in communication with one another and adapted for permitting for the growth of bone 
from adjacent vertebral body to adjacent vertebral body through the Implant (Inherent 
nature of interbody spinal fusion implants, and Fig. 12), the implant including a hollow 
interior for holding bone growth promoting material (inherent nature of interbody spinal 
fusion implants, and Fig. 12), the hollow interior being in communication with at least 
one opening in each of the upper and lower portions (Fig. 12), the implant having an 
insertion end for entry into the spine and a trailing end (Figs. 1 , 4, and 12), the trailing 
end being adapted so as to be connectable to another interbody spinal implant (41) 
having a trailing end adapted to be connected to the interbody spinal fusion Implant (40) 
(Specification, paragraph bridging pages 11 and 12, first paragraph on page 12, and 
Figs. 1 and 12); 

a bioactive material in at least a portion of the hollow interior to promote bone 
growth from adjacent vertebral body to adjacent vertebral body through the implant 
(Specification, paragraph bridging pages 13 and 14, and Fig. 12 showing that a spinal 
fixation device (10) coated with bone fusion promoting materials is provided in at least a 
portion of the hollow interior); and 

a bioresorbable material being in at least a portion of the hollow interior to 
promote bone growth from adjacent vertebral body to adjacent vertebral body through 
the implant (Specification, paragraph bridging pages 13 and 14, and Fig, 12 showing 
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that a spinal fixation device (10) coated with bone fusion promoting materials is 
provided in at least a portion of the hollow interior). 

Dependent claims 67 and 104-106 depending from Independent claim 54. 

The present invention in other preferred embodiments is directed to the solid 
fusion promoting material including at least one of hydroxyapatite and hydroxyapatite 
tricalcium phosphate; the liquid fusion promoting material being bone morphogenetic 
protein; and the solid fusion promoting material including at least one of a bioactive 
material and a bioresorbable material (Specification, paragraph bridging pages 13 
and 14). 

Grounds of Rejection to be Reviewed on Appeal 

I. Claims 54-65, 67-78, and 1 04-106 (including independent claim 54) stand 
rejected under 35 U.S.C. § 112, first paragraphias failing to comply with the written 
description requirement 

II. The Amendment filed June 18, 2007 stands objected to under 35 U.S.C. 
§ 132(a) for introducing new matter to the Abstract. 

III. Claims 54-65, 67-90, and 92-108 (including independent claims 54 and 
79) stand rejected under 35 U.S.C. § 103(a) a$ being unpatentable over U.S. Patent 
No. 5,026,373 to Ray et al. ("Ray"). 

Argument 

Appellant submits the following arguments for consideration by the Board of 
Patent Appeals and Interferences: 

i. Rejection of claims 54-65, 67-78 , and 104-106 (including independent claim 54) 
under 35 U.S.C. § 112, first paragraph, as failing to comply with the written 
description requirement. 

In rejecting claims 54-65, 67-78, and 104-106 under 35 U.S.C. § 1 12, first 

paragraph, the Examiner indicates that "Appellant failed to disclose a liquid fusion 

promoting material and a solid fusion promoting material at the time the application was 

filed (see claims 54, 67, and 104-106)." (Final Office Action dated March 14, 2008, 

paragraph bridging pages 2 and 3.) Furthermore, in support of the rejection under 35 

U.S.C. § 112, first paragraph, the Examiner indicated that , "the terms liquid' and 'solid' 
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cover other materials in addition to those disclosed by the Appellant" and "although the 
materials disclosed by the Appellant may inherently contain these properties, the 
Appellant did not disclose all liquid and solid fusion promoting materials." (Final Office 
Action of March 14, 2008, second full paragraph on page 5.) According to the 
Examiner, "Appellant simply disclosed bone fusion promoting material, such as 
hydroxyapatite, tricalclum phosphate, and bone morphogenetic protein," and 
"[therefore, claims 54-65, 67-78, and 104-106 contain new matter." (Final Office Action 
dated March 14, 2008, paragraph bridging pages 2 and 3.) 

In response, Appellant submits that the solid states of hydroxyapatite and 
hydroxyapatite tricalcium phosphate, and the liquid state of bone morphogenetic protein 
(BMP) are inherent properties of those materials when used to promote bone fusion. 
Furthermore, Appellant is not required to disclose all liquid and solid fusion promoting 
materials to support the recitations of claims 54, 67, and 104-106. Instead, Appellant 
submits that one of ordinary skill in the art at the time application was filed would have 
understood that Appellant disclosed solid and liquid fusion promoting materials, and 
would conclude that Appellant was in possession of the invention as claimed. As 
discussed below, because no new matter has been introduced into the claims, the 
Examiner has failed to make a prima facie case for the rejection of claims 54-65, 67-78, 
and 104-106 under 35 U.S.C. § 1 12, first paragraph. 

According to MPEP § 21 63.III A a prima facie case under 35 U.S.C. §112, first 
paragraph, requires that the Examiner provide "reasons why a person skilled in the art 
at the time the application was filed would not have recognized that the inventor was in 
possession of the invention as claimed in view of the disclosure of the application as 
filed." Appellant notes that MPEP § 2163 II.A.3(b) indicates that "each claim limitation 
must be expressly, implicitly, or inherently supported in the originally filed disclosure" to 
comply with the written description requirement of 35 U.S.C. § 1 12, first paragraph. 
According to MPEP § 2163 II.A.3(b), citing Hyatt v. Boone, 146 F.3d 1348 (Fed. CIr. 
1998), u [w]hen an explicit limitation in a claim 'is not present in the written description 
whose benefit is sought it must be shown that a person of ordinary skill would have 
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understood, at the time the patent application was filed, that the description requires 

that limitation,'" Thereafter, MPEP § 2163 ILA.3(b) cites the following precedential 

example where claims can and cannot derive inherent support from the specification: 

To establish inherency, the extrinsic evidence M must make clear that the missing 
descriptive matter is necessarily present in the thing described in the reference, 
and that it would be so recognized by persons of ordinary skill. Inherency, 
however, may not be established by probabilities or possibilities. The mere fact 
that a certain thing may result from a given set of circumstances is not sufficient. 
(MPEP § 2163 II.A.3(b), citing In re Robertson, 169 F.3d 743 (Fed. Cir. 1999).) 

As discussed below, Appellant submits that independent dalm 54, and dependent 

claims 67 and 104-106 are supported by the inherent properties of hydroxyapatite, 

tricalcium phosphate, and bone morphogenetic protein. 

Hydroxyapatite, hydroxyapatite tricalcium phosphate, and BMP are disclosed in 

Appellant's Specification as bone fusion promoting materials. (See Specification, 

paragraph bridging pages 13 and 14.) Both hydroxyapatite and hydroxyapatite 

tricalcium phosphate are generally used in solid form as fusion promoting materials, 

and BMP is generally used in liquid form as a fusion promoting material. In fact, in the 

case of the implant coatings referenced In Appellants Specification, Appellant submits 

that, as used to promote bone fusion, the solid states of hydroxyapatite and 

hydroxyapatite tricalcium phosphate, and the liquid state of BMP are inherent, not 

probable or possible, properties of those materials. Table 1 lists scholarly articles 

confirming the above-discussed inherent properties of hydroxyapatite, hydroxyapatite 



tricalcium phosphate, and BMP. 



MATERIAL 


STATE 

DURING 

USE 


REFERENCE 


Hydroxyapatite 


Solid 


See. e.a.. Comparison of Hvdroxvaoatlte and 
Hvdroxvaoatite Trlcalclum-PhosDhate Coatinas. The 
Journal of Arthroplasty, Volume 17, Issue 7, Pages 
902-909, T. Jinno. Included as Attachment A. 


Hydroxyapatite Tricalcium 
Phosphate 


Solid 


See. e.a.. Comparison of Hvdroxvaoatite and 

H\tf rowapatite Tricalcium-Phpsphete Coatinqs, The 


Journal of Arthroplasty, Volume 17, Issue 7, Pages 
902-909, T. Jlnno. Included as Attachment A. 


Bone Morphogenetic 
Protein 


Liquid 


See, e.g. fam mQrPhftq^P^P. Proteins; fcasic j 
concepts. Neurosura Focus, Volume 13 (6). Pages 1- 
6, S.S. Renqachary SS. Included as Attachment B. 
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As discussed in the first of the above-referenced scholarly articles (Attachment 
A), hydroxyapatite and hydroxyapatite tricalcium phosphate are used in solid form when 
used to promote bone fusion. Furthermore, as discussed in the second of the above- 
referenced scholarly articles (Attachment B), BMP is used in liquid form when used to 
promote fusion. The second above-referenced scholarly article (Attachment B) 
indicates that BMP is generally used with a carrier such as hydroxyapatite and 
hydroxyapatite tricalcium phosphate. 

The field of spinal surgery is an art of relatively high skill and knowledge. One of 
ordinary skill in the art of spinal surgery would recognize the inherent properties of 
hydroxyapatite, hydroxyapatite tricalcium phosphate, and BMP when used to promote 
bone fusion. Accordingly, one of ordinary skill in the art of spinal surgery would 
conclude, given their inherent properties, that the disclosure of hydroxyapatite, 
hydroxyapatite tricalcium phosphate, and BMP support the invention as claimed, That 
is, given the inherent properties of hydroxyapatite, hydroxyapatite tricalcium phosphate, 
and BMP, Appellant submits that a person of ordinary skill in the art of spinal surgery 
would conclude that Appellant was in possession of the invention as claimed. 
Therefore, no new matter has been introduced into the claims. Accordingly, the 
Examiner has not made a prima facie case for the rejection of claims 54-65, 67-78, and 
104-108 under 35 U.S.C. § 1 12, first paragraph, and Appellant submits the Examiner's 
rejection thereunder cannot be maintained. 

II. Objection to the Amendment filed June 18, 2007 under 35 U.S.C. § 132(a). 

The Examiner objected under 35 U.S.C. § 132(a) to amendments to the Abstract 
included in Appellant's Office Action response of June 18, 2007 for introducing new 
matter into the disclosure. In doing so, the Examiner indicates that a [t]he added 
material which is not supported by the original disclosure is as follows: In one 
embodiment, the bone growth promoting material includes a liquid fusion promoting 
material and a solid fusion promoting material other than bone provided in at least one 
portion of the hollow interior to promote growth from adjacent vertebral body to adjacent 
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vertebral body through the implant." (Final Office Action dated March 14, 2008, second 

full paragraph on page 2.) However, given that claims 54-65, 67-78, and 104-106 are 

patentable over the Examiner's rejection under 35 U.S.C. § 1 12, first paragraph, 

Appellant submits that the Abstract is adequately supported by the original disclosure. 

Hence, no new matter has been introduced in the Abstract, and the Examiner's 

objection to the June 18, 2007 Amendment under 35 U.S.C. § 132 has been overcome. 

III. Rejection of claims 54-65, 67-90, and 92-108 (Including independent claims 
54 and 79) under 35 U.S.C. § 103(a) as being unpatentable over U.S. Patent No. 
5,026,373 to Ray. 

The Examiner indicates that "it would have been obvious to one having ordinary 
skill in the art at the time the application was filed to employ the bone growth promoting 
materials as claimed in Ray's implant in order to promote new bone growth, since it has 
been held to be within the general skill of a worker in the art to select a known material 
on the basis of its suitability for the intended use as a matter of design choice." (Final 
Office Action dated March 14, 2008, paragraph bridging pages 3 and 4.) As discussed 
below, Appellant submits that the Examiner's rejection of independent claims 54 and 79 
under 35 U.S.C. § 103(a) cannot be maintained. 

In KSR International Co. v. Teleflex inc. et aL the Supreme Court reaffirmed the 
framework for governing obviousness under 35 U.S.C. § 1 03(a) is set forth in Graham 
et al. v. John Deere Co. of Kansas City et aL . 383 U.S. 1, 148 U.SP.Q. 459 (1966). 
(See KSR v. Teleflex, 127 S.Ct. 1727 (2007)). Under Graham v. John Deere , the 
question of obviousness is resolved on the basis of factual determinations including 
(1) the scope and content of the prior art, (2) the differences between the claimed 
invention and the prior art, (3) the level of ordinary skill in the pertinent art, and (4) 
where in evidence, so-called secondary considerations. (Graham v. John Deere, at 
17-18, 148 U.S.P.Q. at 467). However, even under Graham v. John Deere, a reference 
that does not teach or suggest every element of the claimed invention supports a 
finding of nonobviousness. Moreover, a finding of nonobviousness is also supported 
where the level of ordinary skill in the art would not afford modification of the reference 
to result in the claimed invention. 
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independent claim 54 recites an apparatus comprising an interbody spinal fusion 
implant, and a liquid fusion promoting material and a solid fusion promoting material 
provided in the hollow interior of the implant, and independent claim 79 recites an 
apparatus comprising an interbody spinal fusion implant, and a bioactive material and a 
bioresorbable material provided in the hollow interior of the implant. Unlike 
Independent claims 54 and 79, however, Ray only discloses use of bone chips or other 
bone-inducing substance (the only one of which disclosed being cancellous bone). 
(See Ray, Abstract and column 10, lines 9-12.) According to Ray, fusion cages (10) 
and (50), for example, can be packed with the bone chips or cancellous bone. (See 
Ray, Abstract and column 10, lines 9-12.) Although the bone chips or cancellous bone 
are solid and bioresorbable materials, the bone chips or cancellous bone are not liquid 
or bioactive materials. Accordingly, Ray does not teach or suggest an Interbody spinal 
fusion implant combined with liquid and solid fusion promoting materials as recited in 
independent claim 54, or an interbody spinal fusion implant combined with bioactive 
and bioresorbable materials as recited in independent claim 79. As such, Ray does not 
teach or suggest every element of Appellant's invention as recited in independent 
claims 54 and 79. 

Furthermore, besides making the assertion that "It would have been obvious to 
one having ordinary skill in the art at the time the application was filed to employ the 
bone growth promoting materials as claimed in Ray's Implant to promote new bone 
growth (emphasis added)," the Examiner has not pointed to any teaching or suggestion 
in the prior art affording such an assertion. That is, the Examiner has not indicated any 
support for the modification of Ray. Moreover, the Examiner overestimates the level of 
ordinary skill in the art at the time the application was filed. The present application has 
a priority date of March 28, 1994. The references, U.S. Patent Nos. 5,344,654 
(Rueger) and 5,344,457 (Pillar), cited by the Examiner to show the level of ordinary skill 
in the art are not related to spinal fusion, and do not disclose providing a liquid fusion 
promoting material and a solid fusion promoting material in the hollow interior of an 
implant or providing a bioactive material and a bioresorbable material in the hollow 

^9- 
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interior of an implant. Instead, the exteriors of the implants of Rueger and Pillar include 
bone growth promoting materials. Therefore, while Appellant submits that one of 
ordinary skill in the art of spinal surgery would recognize, as discussed above, the solid 
states of hydroxyapatite and hydroxyapatite tricaicium phosphate, and the liquid state of 
BMP, it would not have been obvious to one of ordinary skill in the art to modify Ray to 
use the liquid and solid fusion promoting materials (of independent claim 54) and the 
bioactive and bioresorbable materials (of independent claim 79) at the time the 
application was filed. 

Additionally, the apparatus of independent claim 79 further recites that the 
interbody spinal fusion implant includes an insertion end for entry into the spine and a 
trailing end, where the trailing end is adapted so as to be connectable to another 
interbody spinal implant. Although the fusion cages (10) and (50) can incfude end caps 
(16) and (57), respectively, neither these fusions cages nor end caps are adapted so as 
to be connectable to another fusion cage. As such, Ray again does not teach or 
suggest every element of the Appellants invention as recited in independent claim 79. 

Given that Ray does not teach or suggest every element of Appellant's invention 
as recited in independent claims 54 and 78, and that it would not have been obvious to 
one of ordinary skill in the art to modify Ray to use the materials as recited in 
independent claims 54 and 79 at the time the application was filed, Appellant submits 
that the Examiner's rejection under 35 U.S.C. § 103(a) of independent claims 54 and 79 
cannot be maintained. Accordingly, Appellant submits that independent claims 54 and 
79 are not obvious In view of the Examiner's rejection under 35 U.S.C. § 103(a) based 
on Ray. 

IV. Conclusion 

Appellant submits that independent claims 54 and 79 are patentable and that 
dependent claims 55-65, 67-78, 80-90, and 92-108, dependent from one of 
independent claims 54 and 79, or claims dependent therefrom, are patentable at least 
due to their dependency from an allowable independent claim. Therefore, Appellant 
respectfully requests the Board to reverse the Examiner's rejections and objection, and 
allow claims 54-65, 67-90, and 92-1 08. 

-10- 
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To the extent any extension of time under 37 C.F.R. § 1 .136 is required to obtain 
entry of this Appeal Brief, such extension is hereby respectfully requested. If there are 
any fees due under 37 C.F.R. §§ 1 .16 or 1.17 which are not enclosed herewith, 
including any fees required for an extension of time under 37 C.F.R. § 1.136, please 
charge such fees to our Deposit Account No. 50-3726. 

Respectfully submitted, 

MARTIN & FERRARO, LLP 



Dated : August 1 . 2008 Bv: /Thomas H. Martin/ 

Thomas H. Martin 
Registration No. 34,383 

1557 Lake O'Pines Street, NE 
Hartville, Ohio 44632 
Telephone: (330) 877-0700 
Facsimile: (330) 877-2030 
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55. 
56. 
57. 



s 1-53 (cancelled). 
An apparatus comprising: 

an interbody spinal fusion implant for surgical implantation within a disc 
space between two adjacent vertebral bodies in a segment of a human spine, 
said implant comprising upper and lower portions for contacting each of the 
adjacent vertebral bodies when positioned therein, each of said upper and lower 
portions having at least one opening adapted to communicate with one of the 
adjacent vertebral bodies, said openings of said upper and lower portions being 
in communication with one another and adapted for permitting for the growth of 
bone from adjacent vertebral body to adjacent vertebral body through said 
implant said implant including a hollow interior for holding bone growth 
promoting material, said hollow interior being in communication with at least one 
opening in each of said upper and lower portions, said implant having an 
insertion end for entry into the spine and a trailing end, said trailing end having a 
rear wall between said upper and lower portions; 

a liquid fusion promoting material in at least a portion of said hollow 
interior to promote bone growth from adjacent vertebral body to adjacent 
vertebral body through said implant; and 

a solid fusion promoting material other than bone, said solid fusion 
promoting material being in at least a portion of said hollow Interior to promote 
bone growth from adjacent vertebral body to adjacent vertebral body through 
said implant. 

The apparatus of claim 54, wherein at least a portion of said upper and lower 

portions are arcuate along at least a portion of their length. 

The appairatus of claim 54, wherein said upper and lower portions further 

comprise a protrusion for engaging the adjacent vertebral bodies. 

The apparatus of claim 56, wherein said protrusion is a thread. 
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58. The apparatus of claim 54, wherein said insertion end is open for loading bone 
growth promoting material into said hollow interior. 

59. The apparatus of claim 58, further comprising an end cap for closing said open 
end. 

60. The apparatus of claim 54, wherein said hollow interior is a chamber and the 
bone growth promoting material includes a bone graft. 

61 . The apparatus of claim 54, wherein said Implant is configured for implantation 
across the disc space in the thoracolumbar region of the human spine. 

62. The apparatus of claim 54, wherein said spinal implant includes an artificial 
material other than bone. 

63. The apparatus of claim 54, wherein said Implant is made of an artificial material 
that is stronger than bone. 

64. The apparatus of claim 54, wherein said implant is made of an artificial material 
that is harder than bone. 

65. The apparatus of claim 54, wherein said implant comprises harvested bone. 
Claim 66 (cancelled). 

67. The apparatus of claim 54, wherein said solid fusion promoting material includes 
at least one of hydroxyapatite and hydroxyapatite tricalclum phosphate. 

68. The apparatus of claim 54, wherein said Implant Is treated with a bone growth 
promoting substance. 

69. The apparatus of claim 54, wherein said implant is a source of osteogenesis. 

70. The apparatus of claim 54, wherein said implant is at least in part bioabsorbable. 

71 . The apparatus of claim 54, wherein said implant comprises at least one of a 
metal, a plastic material, and a ceramic material. 

72. The apparatus of claim 54, wherein said upper and lower portions of said implant 
have a non-threaded exterior surface. 

73. The apparatus of claim 54, wherein said implant has a length, said upper and 
lower portions having a non-arcuate portion along at least a portion of the length 
of said implant. 
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74. The apparatus of claim 54, wherein said implant is formed of a porous material. 

75. The apparatus of claim 54, wherein said implant is formed of a material that 
intrinsically participates in the growth of bone from adjacent vertebral body to 
adjacent vertebral body through said implant. 

76. The apparatus of claim 54, wherein said at least one opening is adapted to retain 
fusion-promoting materials 

77. The apparatus of claim 54, wherein at least a portion of said implant is treated to 
promote bone ingrowth between said implant and said adjacent vertebral bodies. 

78. The apparatus of claim 54, wherein said implant is in combination with harvested 
bone. 

79. An apparatus comprising: 

an interbody spinal fusion implant for surgical Implantation within a disc 
space between two adjacent vertebral bodies in a segment of a human spine, 
said implant comprising upper and lower portions for contacting each of the 
adjacent vertebral bodies when positioned therein, each of said upper and lower 
portions having at least one opening adapted to communicate with one of the 
adjacent vertebral bodies, said openings of said upper and lower portions being 
in communication with one another and adapted for permitting for the growth of 
bone from adjacent vertebral body to adjacent vertebral body through said 
implant, said implant including a hollow interior for holding bone growth 
promoting material, said hollow interior being in communication with at least one 
opening in each of said upper and lower portions, said implant having an 
insertion end for entry into the spine and a trailing end, said trailing end being 
adapted so as to be connectable to another interbody spinal implant having a 
trailing end adapted to be connected to said interbody spinal fusion implant; 

a bioactive material in at least a portion of said hollow interior to promote 
bone growth from adjacent vertebral body to adjacent vertebral body through 
said implant; and 
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a bioresorbable material being in at least a portion of said hollow interior 
to promote bone growth from adjacent vertebral body to adjacent vertebral body 
through said implant. 

80. The apparatus of claim 79, wherein at least a portion of said upper and lower 
portions are arcuate along at least a portion of their length. 

81 . The apparatus of claim 79, wherein said upper and lower portions further 
comprise a protrusion for engaging the adjacent vertebral bodies. 

82. The apparatus of claim 81 , wherein said protrusion is a thread. 

83; The apparatus of claim 79, wherein said Insertion end is open for loading bone 
growth promoting material into said hollow interior. 

84. The apparatus of claim 83, further comprising an end cap for closing said open 
end. 

85. The apparatus of claim 79, wherein said hollow interior is a chamber and the 
bone growth promoting material includes a bone graft. 

86. The apparatus of claim 79, wherein said implant is configured for implantation 
across the disc space in the thoracolumbar region of the human spine. 

87. The apparatus of claim 79, wherein said spinal Implant includes an artificial 
material other than bone. 

88. the apparatus of claim 79, wherein said implant is made of an artificial material 
that is stronger than bone. 

89. The apparatus of claim 79, wherein said implant Is made of an artificial material 
that is harder than bone. 

90. The apparatus of claim 79, wherein said implant comprises harvested bone. 
Claim 91 (cancelled). 

92. The apparatus of claim 79, wherein said bioactive materia! includes at least one 
of hydroxyapatite and bone morphogenetic protein. 

93. The apparatus of claim 79, wherein said implant is treated with a bone growth 
promoting substance. 

94. The apparatus of claim 79, wherein said implant is a source of osteogenesis. 
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95. The apparatus of claim 79, wherein said implant is at least in part bioabsorbable. 

96. The apparatus of claim 79, wherein said implant comprises at least one of a 
metal, a plastic material, and a ceramic material. 

97. The apparatus of claim 79, wherein said upper and lower portions of said implant 
have a non-threaded exterior surface. 

98. The apparatus of claim 79, wherein said implant has a length, said upper and 
lower portions having a non-arcuate portion along at least a portion of the length 
of said implant 

99. The apparatus of claim 79, wherein said implant is formed of a porous material. 

100. The apparatus of claim 79, wherein said implant is formed of a material that 
intrinsically participates in the growth of bone from adjacent vertebral body to 
adjacent vertebral body through said Implant 

1 01 . The apparatus of claim 79, wherein said at least one opening is adapted to retain 
fusion-promoting materials 

1 02. The apparatus of claim 79, wherein at least a portion of said implant is treated to 
promote bone ingrowth between said Implant and said adjacent vertebral bodies. 

103. The apparatus of claim 79, wherein said implant is in combination with harvested 
bone. 

104. The apparatus of claim 67, wherein said liquid fusion promoting material is bone 
morphogenetic protein. 

105. The apparatus of claim 54, wherein said liquid fusion promoting material is bone 
morphogenetic protein. 

106. The apparatus of claim 54, wherein said solid fusion promoting material includes 
at least one of a bioactive material and a bioresorbable material. 

107. The apparatus of claim 92, wherein, when said bioresorbable material is 
tricalcium phosphate, said bioactive material is hydroxyapatite. 

1 08. The apparatus of claim 79, wherein, when said bioresorbable material is 
tricalcium phosphate, said bioactive material is hydroxyapatite. 
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Attached hereto are Exhibits A and B, which appear in the record as part of the 
December 19, 2007 Reply. Current Exhibits A and B correspond to Exhibits A and B, 
respectively, of the December 19, 2007 Reply. 
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Comparison of Hydroxyapatite and Hydroxyapatite 
Tricalcium-Phosphate Coatings 

Tetsuya Jinno, MD, PhD,* Dwight T. Davy, PhD,f and Victor M. Goldberg MD* 



Abstract: This study compared the effects of hydroxyapatite (HA) coating and 
Diphasic HA/tricaldum-phosphate (HA/TCP) coating on the osseointegration of 
grit-blasted titanium-alloy implants. Bach coated implant was compared with un- 
coated grit-blasted implants as weE. The implants were press-fit into the medullary 
canal of rabbit femora, and their osseointegration was evaluated 3 to 24 weeks after 
surgery. The coated implants had significantly (P<.05) greater new bone ongrowth 
than the uncoated implants (HA, 56.1 ± 3.1%; HA/TCP, 53.8 ± 2.6%; uncoated, 
32 SL ± 1.4% of the Implant perimeter, 12 weeks)* Unmineralized tissue (ca rt ilage 
and osteoid) was seen on the uncoated implants but never on the coated implants. 
The coated implants had significantly (P<.05) greater interfadal shear strength than 
the uncoated implants (HA, 4.1 ± 0.4 MPa; HA/TCP, 4.8 ± 0.5 MPa; uncoated, 2.6 ± 
0.2 MPa, 12 weeks). There was no difference between HA and HA/TCP coating in 
regard to new bone growth or interfadal shear strength These data show a compa- 
rable enhancement effect of HA and HA/TCP coatings on the osseointegration of 
titanium-alloy implants. Key words: hydroxyapatite (HA) coating, hydroxyapatite/ 
tricaldurn-phosphate (HA/TCP), implant fixation, osseointegration, bone ongrowth. 
Copyright 2002, Elsevier Science (USA). All rights reserved. 



Hydroxyapatite (HA) coating and biphask: caldum- 
phosphate (HA and tricaldum-phosphate [HA/TCP] ) 
coating have been used clinically to enhance implant 
osseointegration. Intermediate clinical results of total 
hip arthroplasty using HA- coated implants are prom- 
ising [1]. It is generally known that TCP is more 
soluble than HA at physiologic pH and more suscep- 
tible to bioresorption [2]. Partial dissolution of the 
caldum-phosphate ceramic macrocrystals followed by 
an increase in the calcium and phosphate ion concen- 
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trations in the local environment is thought to be 
important for the excellent osteoconductivity and 
tight chemical bonding of the bioaenve ceramics with 
bone [3]. Although the greater, unpredictable solubil- 
ity of the TCP coating may cause earlier failure of an 
HA/TCP-coated implant at the bone-implant inter- 
face [4], gradual resorption of this coating and re- 
placement with new bone might be desirable to pre- 
vent the late complications of calcium-phosphate 
coatings [5,6]. One study using a canine unloaded 
implant model showed stronger fixation and higher 
bone ongrowth when HA-coated titanium-alloy im- 
plants were compared with TCP-coated implants [2J. 
By contrast solid HA ceramics containing TCP in- 
duced better osseointegration than pure HA ceramics 
when implanted into sheep femora [7]. To our 
knowledge, no study has directly compared the in vivo 
effects of HA and HA/TCP used as coatings for im- 
plants. 

The purpose of this study was to compare directly 
in a well-documented rabbit intramedullary 



902 



PACE 22/35 * RCVD AT 8/1/2008 11 :46:52 AM pastern Daylight Time] " SVR:USPTO-EFXRF-«/4 " DNIS:2738300 ■ CSID: 3308772030 " DURATION (mnvss): 12-22 



From: MARTIN & FERRARD, LLP (OH) 3308772030 08/01/2008 11:54 »978 P. 023/035 



Comparison of HA and HA/TCP Coatings • Jinno et al. 903 
Table 1. Characterization of the Surface 





Uncoaied 


HA- Coated 


HA/TCP-Coated 


Mean surface roughness (tun) 
Mean depth of roughness (pin) 
Maximum depth of roughness (pun) 


4.04 ± 0.51 
24.48 ± 3.21 
33.53 ± 6.53 


4.09 ± 0.29 
24.53 ± 2,12 
. 30.17 ± 4.80 


9.75 ± 1.13 
50.59 ±6.14 
67.46 ± 13.69 



NOTE. Values are given as mean ± SD. 



model [8,9] the effects of the HA and the HA/TCP 
coatings on osseointegration of titanium-alloy im- 
plants. The efficacy of these coatings for osseointe- 
gration of titanium-alloy implants also was evalu- 
ated by comparison with un coated grit-blasted 
titanium-alloy implants, using the data from a pre- 
vious study [9]. 

Materials and Methods 

Implants 

Solid, cylindrical rods (5 mm in diameter, 25 mm 
in length) of titanium-alloy <Ti-6Al-4V, ASTM 
F136) were used. Bach rod had 1 threaded distal 
end (4 mm x 4 mm) and a capped portion on the 
proximal end (4 nun X 2 mm). The surface of the 
rods was grit-blasted with 24-grit aluininum-oxide 
particles [9]. After cleaning ultrasonically in puri- 
fied water and passivating according to ASTM F86 
standards, the rods were plasma-spray coated with 
HA or HA/TCP (ASTM F1I85) (Zimmer, Warsaw, 
IN) . The ratio of HA and TCP in the HA/TCP coating 
was 65%/35%, and the major structure of TCP was 
the £-TCP form. The crystalline phase material of 
HA was 90% at the least. The thickness of the 
coatings, determined by the manufacturer, ranged 
from 30 to 80 Aim for HA and 50 to 125 jLtm for 
HA/TCP. These thicknesses were considered to be 
within an appropriate range in terms of bioresorp- 
tion of the coating and tensile and fatigue strength 
of the coating [1,10,11]. The surface roughness 
before and after coating was measured by noncon- 
tact surface profilometry using a Perthometer S8P 
(Feinpriif Perthen GMBH, Gottingen, Germany) 
(Table 1). All implants were sterilized by gamma 
irradiation. 

Animals and Surgical Procedure 

Thirty-six skeletally mature male New Zealand 
White rabbits, weighing 3.2 to 4.0 kg, had bilateral 
insertion of an implant into the medullary canal of 
the distal femur. HA-coated and HA/TCP-coated 
rods were randomized to one or the other side, for 
a total of 72 implants. Two groups of 6 rabbits were 



sacrificed at 12 and 24 weeks postoperatively, and 
shear strength and failure pattern of the implant- 
bone interface were evaluated. Four groups of 6 
rabbits were sacrificed at 3, 6, 12, and 24 weeks 
postoperatively, and the implants were evaluated 
histologically. This study was approved by the In- 
stitutional Animal Care and Use Committee. 

The rabbits were anesthetized by intramuscular 
injection of ketamine (40 mg/kg), xylazine (5 mg/ 
kg), and acepromazine (0.75 mg/kg). CefazoMn (80 
mg) was administered intramuscularly immediately 
before the operation and on the first day postoper- 
atively. Under sterile technique, a medial parapa- 
tellar arthrotomy was made, and a cylindrical hole 
was drilled into the intercondylar notch of the distal 
femur. The canal was reamed manually, and the 
implant was press-fit. The distal portion of the im- 
plant was within the metaphysis, and the proximal 
portion was within the diaphysis, in contact with 
the endosteal surface of the anterior and posterior 
cortex. These implants were not subjected to axial 
loading. Postoperatively, there were no restrictions 
on walking. 

There were 3 intraoperative femoral fractures, 
and additional rabbits were used to complete the 
numbers of animals in each group. The rabbits were 
killed with an overdose of intravenous pentobarbi- 
tal. The femora were retrieved, and radiographs 
were obtained using the Faxitron (Faxitron X-ray 
Corporation, Buffalo Grove, JL). 

Histologic Examination 

The 24 rabbits in the histologic study group were 
injected with fluorochromes every 10 days using 
the following schedule: doxycydine (5 mg/kg) on 
the 2nd, 12th, 82nd, 92nd, 142nd, and 152nd day; 
2,4-bis- (N,N' -di-carboxymethyl-aminomethyl) - 
fluorescein (DCAF) (20 mg/kg) on the 22nd, 32nd, 
122nd, and 132nd day; xylenol orange (90 mg/kg) 
on the 42nd, 52nd, 102nd, and 112th day; and 
alizarin complexone (30 mg/kg) on the 62nd, 72nd, 
and 162nd day. The retrieved distal femora were 
fixed in ethanol and embedded in methyl methac- 
rylate. Undecaldfied serial cross-sections were cut. 
with a water-cooled diamond saw as previously 
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described [8J. The cross- sections were mounted on 
Plexiglas slides, then ground and polished on a 
precision grinder (Isomefc Buehler Corporation, 
Lake Bluff, IL) to a thickness of 50 to 80 fjum. Two 
sections from each of diaphysis, proximal metaph- 
ysis, and distal metaphysis (6 sections for 1 femur) 
were surface-stained with toluidine blue for quali- 
tative and quantitative analysis by light microscopy. 
Some sections were surface -stained with von Kossa 
stain. Other sections were: left unstained for exam- 
ination under epifluorescent light and scanning 
electron microscope in the backscatter mode (JSM- 
840A; JEOL, Tokyo, Japan) connected to x-ray en- 
ergy dispersive spectroscopy (Series n X-ray Ana- 
lyzer; Noran Instruments, Middleton, WI). 

Operator-assisted histomorphometry (BioQuant 
TCW95 2.00MT; R &• M Biometrics, Nashville, TNT) 
was used for the blinded quantification of the tissue 
response around the implants. The new bone area 
within the circumferential zone of 0.5 mm around the 
implant was measured, and the percentage of the new 
bone area was calculated for each level. The new bone 
area was identified by its staining characteristics and 
morphology. The length of the implant surface In 
contact with the new bone also was measured for 
each IeveL The implant circumference was measured 
to allow calculation of the percentage of the new bone 
contact with the implant surface. 

Mechanical Tests 

The shear strength of the bone-implant interface 
was determined with a pull-out test. Testing was 
done within 24 hours after death. The specimen 
was mounted in a block of methyl methacrylate, 
leaving the distal threads exposed to connect to the 
servohydraulic testing machine (model 1320; In- 
stron, Canton, MA). A tensile force was applied 
parallel to the long axis of the implant at a constant 
rate of displacement of 2 mm/rnin, and force-ver- 
sus-dlsplacement curves were recorded. An X-Y 
slide-table allowed the specimen to self-align to 
ensure that only a tensile load was applied to the 
implant. The peak load before failure at the bone- 
implant interface was divided by the exterior sur- 
face area of the implant to provide a measurement 
of the interface strength. To analyze the failure 
pattern, post-test specimens were processed by the 
same method as described for the slide preparation 
for histologic examination. ' 

Comparison With Un coated Titanium- Alloy 
Implants 

Uncoated, grit-blasted titanium-alloy implants 
identical in all details to those reported herein were 



placed in the same position in the intramedullary 
ranal of the distal femur of rabbits weighing 3.5 to 
4.1 kg. The response to these implants was studied 
radiographically, histologically, histomorphometri- 
cally (3, 6, 12 weeks after surgery; n - 6 at each 
time period), and mechanically (12 weeks after 
surgery, n = 6) by exactly the same techniques as 
described here and was compared with the results 
of the HA-coated and the HA/TCP-coated implants. 
Some of the data of the uncoated implants were 
published previously [9]. 

Statistical Analysis 

All of the data of coated and uncoated implants 
were entered into a single spreadsheet, and the 
means and standard errors of the means were cal- 
culated. The data were analyzed statistically with 
analysis of variance (independent variables were 
type of coating, time after implantation, and level of 
cross-section for histomorphometric analysis) using 
SPSS 7.5 for Windows (SPSS Inc, Chicago, IL). Post 
hoc assessment of significant (i*<.05) differences 
was done with the Student-Newman-Keuls tests for 
comparison among the HA-coated, HA/TCP-coated, 
and uncoated specimens and paired r-tests with 
Bonferroni's correction for comparison between the 
HA-coated and HA/TCP-coated specimens. 

Results 

Radiographic Results 

Microradlographs showed all implants to be well 
integrated, with no evidence of fractures, bony re- 
sorption, or radiolucent lines. By 6 weeks, bony 
bridges were noted to extend from the endosteum 
onto the implants, and these bony bridges became 
more apparent with time. No distinct radiographic 
differences were noted among the implants. 

Qualitative Histologic Analysis 

Active bone formation around and directly on the 
implant were noted with each type of implant, 
particularly at the posterior and anterior quadrants 
close to the endosteum. The new bone formation 
producing the bony bridges between the implants 
and cortex was more apparent on the coated im- 
plants than on the uncoated implants. The new 
bone, which was woven at 3 weeks, became thicker 
arid was remodeled into lamellar bone with time. 
No inflammatory reaction was seen around any 
implant. At the bone-implant interface, however, 
there was an apparent difference of the pattern of 
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Fig. l. Nondecaldfied sections examined 3 weeks post- 
operatively. (A) The interface between bone and an un- 
coated implant. There is unminerallzed osteoid between 
the bone and the implant- (Toluldlne blue, original mag- 
nification X200.) (B) Hie Interface between bone and a 
HA -coated implant. There is an acellular tissue dark- 
stained with toluldlne blue on the coating and between 
the bone and the coating- (Toluldlne blue, original mag- 
nification X200.) (C) The Interface between bone and a 
HA -coated implant; under epifluorescent light. There is a 
doxy cy dine labeled rim on the coating. {Original magni- 
fication X40.) 



new bone formation between the coated and the 
un coated implants- The uncoated implants showed 
a thin fibrous rim and an unrnineralized tissue, such 
as osteoid or cartilage (Fig. 1 A). The unrnineralized 
tissue was seen on at least 1 slide of every femur at 
3 weeks and on some slides at 6 weeks but never at 
12 weeks. By contrast, the fibrous rim and the 
unrnineralized tissue were never observed on the 
coated implants. A toluidine-blue stained acellular 
tissue was seen directly on the coating at 3 weeks 
with new bone sometimes seen on this acellular 
tissue (Fig. IB). This tissue was stained light black 
by von Kossa staining and labeled by doxycycline 
(Fig. 1C). The elemental analysis by x-ray energy 
dispersive spectroscopy detected only calcium and 
phosphorus in this tissue. 

Each implant showed direct new bone attachment 
at the bone-implant interface by scanning electron 
microscopy backscatter analysis (Fig. 2). A gap most 
likely caused by shrinkage artifact was seen between 
the new bane and the implant surface for the un- 
coated implants (Fig. 2C), but it was seen between the 
coating and the substrate metal for the coated im- 
plants, suggesting tight bonding at the bone-HA and 
Done-HA/TCP interface (Fig. 2A, B). 

At 24 weeks, the coated implants showed limited 
areas of focal loss of coating and replacement by 



new bone, resulting in direct bone contact with the 
titanium-alloy substrate (Fig. 3). Under epifluores- 
cent light, this new bone was found to be labeled 
mainly with doxycydine, xylenol orange, and 
DCAF, adrninistered from the 82nd day to 132nd 
day postoperatively. The loss of coating was 
thought to have resulted from resorption rather 
than delamination because it was not found at 
earlier periods, and delaminated coatings were 
never visualized. There was no apparent difference 
of pattern and amount of resorption between the 
HA and the HA/TCP coatings during the 24 weeks 
of observation. The reduction of coating thickness 
could not be evaluated because of the initial vari- 
ability of the coating thickness. 

Quantitative Histologic Analysis 

Percent New Bone in Contact With the Implant. 
The percentage of the implant perimeter in contact 
with new bone increased with time (Fig. 4), and the 
effect of time was significant (P<.0005). The section 
level affected the new bone contact differently be- 
tween the uncoated and the coated implants (Fig. 
5). For the uncoated implants, the new bone con- 
tact was significantly (P<.05) greater at the diaph- 
ysis than at the proximal and distal metaphysis. For 
the HA-coated and HA/TCP-coated implants, how- 
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Fig. 2. Nondecalcified sections examined 12 weeks post- 
operatively. (A) HA-coatcd implant. No intervening soft 
tissue is seen at the bone-implant interface. There Is a gap. 
caused by shrinkage artifact between the coating and the 
substrate metal. (B) HA/TCP-coated implant No inter- 
vening soft tissue is seen at the bone-implant interface. 
The gap caused by shrinkage artifact is between the 
coating and the substrate metal. There is an area of 
resorbed coating being replaced by new bone. (C) TJn- 
coated implant. No Intervening soft "tissue is seen at the 
bone-implant interface. The gap probably caused by 
shrinkage artifact is between the bone and the metal. 
(Scanning electron microscopy in the backscatter mode, 
original magnification X200; bar » 100 pun.) 




Fig. 3. Nondecalcified section of HA-coated implant ex- 
amined 24 weeks postoperatively. There is an area of 
coating resorption and its replacement by new bone, 
resulting In direct bone contact with the titanium-alloy 
substrate. (Toluidine blue, original magnification X200.) 




Fig. 4. Percent new bone contact by the time and the 
coating type. The value increased with time in all of the 
uncoated, HA-coated, and HA/TCP-coated implants. The 
data are given as mean ± SEM (n = 6 each) and were 
analyzed with Student-Newman-Keuls tests and paired 
r-tests with Bonferroni's correction. *Signiflcantly less 
than the HA-coated and HA/TCP-coated implants at that 
time period <P<.05). 
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Level : 

Fig. 5. Percent new bone contact by the section level and 
the coating type. The data at 24 weeks were excluded. 
The data are given as mean ± SEM (n =18 each) and 
were analyzed with Stu dent-Newman-Keuls tests. ♦Sig- 
nificantly greater than the uncoated implants at that level 
(P<.05). fSigniflcantly greater than proximal metaphysis 
and distal metaphysis of the uncoated implants (P<.05). 




12 24 
weeks 



Fig. 7. Graph of the shear strength by the time and the 
coating type. The data are given as mean ± SBM (n = 6 
each) and were analyzed with Student-Newman-Keuls 
tests and paired Mests with Bonf erroni's correction. *Sig- 
nificandy less than HA- coated and HA/TCP-coated im- 
plants at 12 weeks (P<.05). fSignificandy less than HA/ 
TCP-coated implants at 24 weeks (P<.025). 



ever, the difference of the new bone contact among 
levels was not significant (P=.36). The coating had 
a significant effect (P<.0005); the new bone contact 
was greater on the coated implants than on the 
uncoated implants (Figs. 4 and 5). Hie difference of 
the new bone contact between the HA-coated and 
the HA/TCP-coated implants was not significant 
(P=.26). 

For the uncoated implants, the ujmiineralized 
tissue, such as osteoid and cartilage, was found on 
3.8 ± 0.5% of the implant perimeter at 3 weeks, 
1.0 ± 0.7% at 6 weeks, and 0.0 ± 0.0% at 12 
weeks. Unmineralized tissue was never found on 
the coated implants at any time. 

Percent New Bone Area Around the Implants. 
The percent new bone area around the implants 
increased significantly with time (P<.0005) (Fig. 6). 
In contrast to the percent new bone contact, how- 
ever, the percent new bone area was not affected 




Fig. 6. Percent new bone area around the implant by the 
time and the coating type. The value increased with time in 
all of the uncoated, HA-coated, and HA/TCP-coated im- 
plants. The data are given as mean ± SEM (n = 6 each). 



significantly by the coating (P=.20) (Fig. 6). The 
difference between the HA-coated and the HA/TCP- 
coated implants also was not significant (P=.26). 
The effect of the section level was significant 
(P<.0005). The percent new bone area was signif- 
icantly (P<.0005) greater at the diaphysis (26.9 ± 
2.2%) than at the proximal (11.4 ± 0.9%) and 
distal metaphysis (12.1 ± 0.8%). There was no 
significant interactive effect between the section 
level and the type of coating (P=.96). 

Mechanical Tests 

The bone-implant interfaces of the HA-coated 
and the HA/TCP-coated implants had significantly 
(P<.05) greater shear strength than that of the 
uncoated implants at 12 weeks. The HA/TCP-coated 
implants had greater shear strength than the HA- 
coated implants, and the difference was significant 
(P<.025) at 24 weeks (Fig. 7). The effect of time on 
the shear strength of the coated implants was not 
significant (P=.45). Post-test cross-sections of the 
coated implants revealed that failure occurred at 
the metal-coating interface, the coating-bone in- 
terface, or within bone (Kg. 8). The failure at the 
metal- coating interface was seen more frequently 
at 24 weeks (Fig. 8B) than at 12 weeks (Fig. 8A). 
There was no apparent difference of the failure 
pattern between the 2 types of coatings. For the 
uncoated implants, post-test visual inspection of the 
specimens revealed that failure typically occurred at 
the implant-bone interface. 

Discussion 

The HA-coated and the HA/TCP-coated implants 
showed significantly more new bone attached di- 
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Kg. 8. Nondecaldfied sections of HA/TCP-coated Im- 
plant. (A) 12 weeks postoperatively. Failure has occurred 
predominantly at the coating-bone Interface but also has 
occurred at the metal- coating interface and within the 
bone. (B) 24 weeks postoperatively. Failure at the metal- 
coating interface was seen more frequently. (Toluidine 
blue, original magrdflcauon X40.) 



rectly to the implant surface and a higher interf acial 
shear strength when compared with uncoated im- 
plants. The coatings seemed to eliminate the inhib- 
itory effect against mineralization of the uncoated 
surface. For both coated implants, bone contact at 
the metaphyses was comparable with, that at the 
diaphysis and significantly more than that of the 
uncoated implants. 

The difference between the HA and the HA/TCP 
coatings was the mechanical results. The HA/TCP- 
coated implants had a significantly higher interfacial 
shear strength compared with the HA -coated im- 
plants at 24 weeks, despite the fact that the percent 
new bone contact of the HA/TCP-coated Implants at 
24 weeks was not higher than that of the HA-coated 
implants. The failure pattern observed after the im- 
plant pull-out tests was similar for the 2 types of 
coated Implants. Although this could be accounted for 
by a difference of bonding strength between the coat- 
ing and the bone or the implant substrate, it may be 



the result of the surface roughness differences because 
the HA/TCP-coated implants had double the mea- 
sured surface roughness compared with the HA- 
coated implants. Wong and Eulenberger et al [12] 
showed an excellent correlation between average 
roughness of the implant surface and push-out failure 
load using a transmetaphyseal implant model com- 
paring surface-blasted and HA-coated titanium im- 
plants. By contrast, Hayashi and Inadome et al [13] 
and Inadome and Hayashi et al [14] reported no 
significant effects of surface roughness on the interfa- 
cial shear strength of HA-coated implants. Their im- 
plants were transcortical, however, and the values of 
shear strength were much higher than those reported 
in this study. Their implants failed by push-out at the 
coating-substrate interface. It is possible that our re- 
sults might be different if the implantation site or the 
observation period were altered. 

Another factor that could influence die interfacial 
strength Is die thickness of the coating [1,10,11,15,161. 
Yang and Wang et al [16], using a canine model' of 
unloaded, distal femoral intramedullary rods similar 
to ours, reported higher shear strength for titanium- 
alloy implants coated with HA of 50-pun thickness 
compared with those with 200-^tm thickness, ha our 
study, the HA/TCP coating was thicker than the HA 
coating on average, but the failure patterns at the 
bone-implant interface were similar, and the thicker 
HA/TCP-coated implants showed even higher shear 
strength than the thinner HA-coated implants. The - 
slight difference of coating thickness in this study 
should not have influenced the biomechanical results 
significantly. 

Although it is known that TCP is more soluble than 
HA. we could not evaluate the direct dissolution of 
the coatings to extracellular fluid. The areas of focal 
loss of coatings were seen at 24 weeks with the 
HA-coated implants and with the HA/TCP-coated im- 
plants, but they were seen in only a few areas and. 
could not be evaluated quantitatively. The properties 
of both coatings used in this study were comparable 
with those of the commercial coatings currently in 
clinical use. Our results seem to be consistent with 
some retrieval studies of clinically stable hip im- 
plants [17,18], which suggested cell-mediated HA re- 
sorption through bone remodeling. 

Although the intramedullary model used in this 
study is relatively unloaded, the biologic observa- 
tions provide some clinical relevance. The tissue 
response to the implants under nonloaded condi- 
tions could differ considerably, however, from the 
response under loaded conditions. Complications of 
the ceramic coating, such as delamination of the 
coating and particle production from the coating, 
might be shown only under weight-bearing condi- 



PAGE 28/35 • RCVD AT 8/1/2008 1 1 :46:52 AM [Eastern Daylight rime] - SVR:USPTO-EFXRF-«/4 " DNIS:2738300 - CSID: 3308772030 - DURATION (mm-ss):1 2-22 



From: MARTIN & FERRARO, LLP (OH) 



3308772030 



08/01/2008 11:57 B978 P. 029/035 



Comparison of HA and HA/TCP Coatings • Jinno at al. 909 



tions. It has been shown that weight bearing accel- 
erates the resorption of the HA coating [19]. 

Hie surface texture of the implant substrate 
metal has a significant effect on interfacial strength. 
We studied this grit-blasted surface to assess the 
effect of the HA or the HA/TCP coating on the 
osseointegration of titanium-alloy implants. We 
wanted to isolate the effect of the coating because a 
porous surf ace might have made it difficult to dis- 
tinguish the effect of the calcium phosphate coating 
and the porous surface texture. Additionally, failure 
of porous surfaces tested in tension may be complex 
because another interface between the bone and 
the substrate metal is present Our pull-out testing 
results suggested that the coating-substrate inter- 
face can be the weakest Unk between the new bone 
and the substrate. This suggests a further rationale 
to use roughened surfaces, which may provide a 
more robust direct implant fixation to the host. 

In this study, the HA coating and the HA/TCP 
coating enhanced the osseointegration of the grit- 
blasted titanium-alloy implants. Both coatings had 
excellent osteoconductivity, and the bone-coating 
interface showed a tight bond. The weak link that 
could result in implant fixation failure under clini- 
cal weight-bearing conditions is the coating-sub- 
strate Interface. This study suggests that although 
further long-term studies in a loaded environment 
are required, the HA and the HA/TCP coatings are 
equally effective in enhancing implant fixation. 
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Bone morphogenetic proteins: basic concepts 

Settj S. Rengachary, MJ>: 

Department of Neurosurgery, Wayne State University School of Medicine, Detroit Medical Center, ' 
Detroit, Michigan 

The cellular and molecular events governing bone formation in me embryo, healing of a fractured bone, and induced 
bone fusion follow a similar pattern. Discovery, purification, and recombinant synthesis of bono morphogenetic pro- 
teins (BMPs) consthrte a major milestone in the understanding of banc physiology. In this review me author discuss- 
es the mechanism of action, clinical applications, dosage, and optimum carriers for BMPs* The roles played by other 
growth factors are also discussed. 

Keywords • bone healing • bone morphogenetic protein • carrier • 
growth factors • spinal fusion 



Bone is unique of all the tissues in the in the vertebrate 
organism. When injured, it heals by formation of new 
bone. In contrast, most other tissues such as the heart 
muscle, voluntary muscles, liver, and the brain heal by 
replacement of connective tissue rather than the original 
tissue. 

Another interesting attribute of the bone is that the 
molecular and cellular processes that lead to die develop- 
ment of the skeletal structures within the embryo are very 
similar to the cascades that occur in the healing process 
in an injured bone. likewise, in surgically created fusion* 
the osseous fusion mass formation recapitulates a fracture 
healing process, which in turn recapitulates embryonic 
development of new bone. Thus, there is a common theme 
in the development of bone from primitive mesenchymal 
tissues to a well-structured, well-organized histological 
structure that one associates with mature bone. In addi- 
tion, the ongoing remodeling process in an adult organ- 
ism, which is exposed to external physical and hormonal 
influences, is also modulated through a similar molecular 
mechanism. 

The developing limb bud represents a prototypical ex- 
ample of bone development in the embryo. There is a con- 
densation of primitive mesenchymal cells in the central 
core of the limb bud, in the area destined to form skeletal 



Abbreviations used m this paper; BMP °= bone morphogenetic 
protein; ECM = extracellular matrix; FDA = Food and Drug 
Administration; OP = osteogenic protein; PDGF = platelet-derived 
growth motor, TCP = tricalcium phosphate; TGF - transforming 
growth factor. 
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structures. This condensation usually transforms into bone 
through two independent pathways. Intramembranous os- 
sification occurs when there is a direct ossification of the 
mesenchymal tissues. The primitive mesenchymal cells 
are transformed into osteoprogenitor cells and then into 
mature osteoblasts leading to the formation of the bone 
with all of its histological characteristics. 11 This process 
occurs typically in the carvarial bones, mandible, and the 
clavicle. In contrast, the epiphysial growth plate in the 
appendicular skeleton is characterized by the mrracarti- 
laginous bone formation. In this process the primitive 
mesenchymal cells differentiate in a two-step process into 
mature bone, hi the first step, the mesenchymal cells 
transform into chondroblasts, form collagen and other ele- 
ments of bone matrix, become ossified, and lead to mature 
bone. In the embryonic phase a formation of bone through 
intramembranous compared with mtracartilagmous pro- 
cess depends on the anatomical site. As stated earlier; the 
cranial structures and mandible undergo an mtramembra- 
nous growth process whereas the appendicular skeleton 
forms through an mtracartilagmous process. 

The postfracture healing of bone generally follows in 
the mtracartilagmous ossification process, although with 
a very high concentration of BMP an mtramembranous 
route may be taken. 20 At this time, it is unclear what fac- 
toids) directs) one process (mtramembranous, for exam- 
ple) as opposed to the other in the embryonic phase or 
during fracture healing. Because the bone that is formed 
as a result of either process is virtually indistinguishable in 
its final mature form, it is unclear what the biological ad- 
vantage is of one process over the other 

1 
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THE CASCADE OF BONE HEALING 
FOLLOWING FRACTURE 

The stages of bone healing/remodeling are summarized 
in Table 1. Immediately following a fratSure, a hematoma 
forms at the fracture site due to injury to the periosteum 
and the adjacent soft tissues. The repair process is initiat- 
ed with the macrophages are attracted by chemotaxis to 
the injured site. 3 Macrophages remove the tissue debri 
whereas fibroblasts generate ECM. 13 A decrease in local 
oxygen tension and loss of nutrients are factors that pro- 
mote the release of cytokines and growth factors at the 
fracture site (Tkble 2). Degranularing platelets in the he- 
matoma release PDGF and TGFf3. Interleukin-1 and -6 
are also released by the infl ammat ory cells. 2 ' 35 Because of 
the mitogenic activity of the TGF0 and PDGF, mesenchy- 
mal cells and fibroblasts proliferate at the fracture site. 29 
The sources of the mesenchymal stem' cells are the bone 
marrow, periosteum, and surrounding soft tissues. Many 
of these mesenchymal cells are transformed into osteo- 
progenitor cells by the locally expressed BMPs of various 
types. 36 Initially chondrogenesis occurs resulting in a soft 
callus. Calcification of the ECM ensues. 15-19 Autogenesis 
is induced concurrently and leads to the formation of wo- 
ven bone, which then matures into lamellar architecture of 
the fully developed bone and bone marrow. Remodeling 
of the bone completes the process. 

HISTORY OF BONE MORPHOGENETTC 
PROTEIN 

The history of BMPs is highlighted in Table 3. As early 
as 1889, Semi 27 noticed that decalcified bone can induce 
healing of bone defects. He was treating osteomyeiitic 
defects in the bone by using decalcified residue of ox bone 
with iodoform. His primary goal was use of iodoform as 
an antiseptic to treat the osteomyelitis, and the decalcified 
ox bone as was intended a carrier fox the iodoform 
Serendipitously he noticed that not only was the infection 
controlled but new bone formed at the osseous defect 
Although the observation was interesting, his findings 
were not easily reproduced by others. 

In fee 1930s, Levander 9 - 10 noted that crude alcohol ex- 
tracts of bone induced new bone formation when injected 
into muscle tissue, hi 1961 Sharrard and Collins 28 report- 
ed the use of ethylenediaixunetetraacetic aci d-decalcified 
allograft bone for spinal fusion in children. This idea was 
supported by contemporaneous laboratory studies by Ray 
and Hbiloway. 14 

Hie seminal discovery of the ability of the bone matrix 



to induce bone was made by Urist in 19 65. 30 Urist was 
director of the bone research laboratory at the University 
. of California, Los Angeles School of Medicine, and was a 
practicing orthopedic surgeon. He showed that crude bone 
extracts induced new bone in an ectopic site (in a muscle 
pouch) in a rat model. He coined the term ce bone morpho- 
genetic protein** or "osteogenic protein" which was the ac- 
tive ingredient contained in this extract His research, 
however, was hampered by the fact that there was no 
reproducible assay for the protein. Additionally, it was not 
conclusively determined thai this putative protein was 
responsible for the induction of new bone in an ectopic 
site. That task was accomplished by Reddi and Sampath in 
1983 when they invented a crude but. highly reproducible 
assay for ectopic bone formation. The assay was based 
on the activity of alkaline phosphatase and the Ca content 
of the newly formed bone. This group also showed that 
when the protein component was dissociated from the 
matrix, 23 the remaining matrix in itself did not induce 
new bone formation. When the matrix was reconstituted 
with the protein, however, it was quite effective as the 
original matrix in inducing the bone. This conclusively 
proved that it was not the matrix but actually the protein 
contained within die matrix that was responsible for 
ectopic bone formation. The first clinical study was con- 
ducted in 1988 by Johnson and associates, 7 who studied 
purified human BMP. Intensive competition followed in 
gene sequencing for the BMP. Two groups,, one at Cre- 
ative BioMolecules and the other at Generics Institute, . 
simultaneously deduced the gene sequence for various 
BMPs, which resulted in a patent dispute that was subse- 
quently resolved. The human BMP is now produced by 
using recombinant techniques. Therefore, the available 
protein is free from the risk of infection or allergic reac- 
tion. The cost of the protein, however, remains high. The 
final landnunrik in this saga is the FDA approval in 2002 
for OP-1 (BMP-7) for long bone defects (Stryker Corp., 
Kalamazoo, MI) and BMP-2 in a collagen carrier within a 
cage for anterior lumbar interbody fusions (Medtronic 
Sofamor Danek, Memphis, TN). 



CLASSIFICATION AND CHEMICAL 
STRUCTURE OF BONE MORPHOGENETTC 
PROTEIN 

Bone morphogenic proteins are members of TGFp 
superfarnily, a large family of growth factors (Table 
4) 4*31-34 The TGFp was so named because of its ability to 
transform cultured fibroblasts. The BMP subfamily com- 



TABLE 1 

Stages of bone healing and remodeling 



Characteri zat ion, 



I: induction 

W'. inflammation 

ITJ: cartilage formation 

IV: woven bone formation 
V: lamellar bone formation 



formation of hematoma at fracture site: release of growth factors & cytokines 

recruitment of inflammatory cells, macrophages, & fibroblasts to the injury she 

mitosis of mesenchymal cells and differentiation of chondrocytes; hypertrophy of chondrocytes & 

calcification; deposition of extracellular collagenous matrix; local angiogenesis 
differentiation of osteoblasts, mineralisation of EM 

bone resorption, remodeling, formation of lamellar bone & hematopoietic marrow 
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Concepts in bone morphogenetic proteins 



TABLE 2 

Growth factors and cytokines involved in the generation 
of new bone and remodeling 

BMPs 
TGF-0 
PDGF 

insulin-like growth factor SI & II 
epidermal growth factor 
fibroblast growth factor 
vascular endothelial growth factor 
Turner necrosis factor 



prises more than 10 proteins, and newer ones are being 
discovered There are several structural homologies be- 
tween BMPs and TGFp growth factors. The amino acid 
sequence of BMPs is highly conserved, and is considered 
to be as old as 600 million years. Because of this conser- 
vation, human recombinant BMPs are highly effective in 
Lower life forms, including fruit flies. Like all members of 
the TGFp family, BMPs are synthesized as precursor pro- 
teins. The precursor protein contains hydrophobic secre- 
tive leader sequence as well as substantial propeptides. 
The mature portion of the protein is located at the carboxy 
terminal of the precursor molecule. In their carboxy ter- 
minal portions, all BMPs contain seven cysteine amino 
acid residues in positions identical to those present in all 
members of the TGF0 superfamily. In addition, BMPs 
contain N-linked glycosylation sites. 

The BMP protein can be broadly classified into three 
subfemilies. 2354 ^ 5 Both BMP-2 and BMP-4 have 80% 
amino acid sequence homology of molecules. In the sec- 
ond group, consisting of BMP-5, -6 and -7, the mean is 
78% arnino acid sequence homology whereas the third 
group, composed solely of BMP-3, is significantly dif- 
ferent from the other members of the BMP family and 
generally stands alone. It is of interest that there is a sub- 
stantial homology between decmentaplegic peptide and 
BMP-2 and BMP-4 subfamily, implying that these two 
BMPs are equivalents of decapentaplegic peptide gene 
products. Human BMP-6 shows 90% secyuence homology 
across the entire precursor molecule with Vgr-1. There 
is reason to believe that Vgr-1 is a murine homolog of 
BMP-6. 

The mature segment of the BMPs, which is highly con- 



served in all organisms, contains seven cysteine amino 
acid residues. Six of these residues are involved in the for- 
mation of intrachain disulphide bonds that forms a rigid 
"cysteine-knotf molecular structure. The seventh cysteine 
residue is involved in the formation of dimers via inter- 
chain disulphide bond. The dimers may be either homo- or 
heterodimers. Formation of homo/heterodimers increases 
the variability of the effector molecule. The reason for this . 
redundancy is not fully understood but probably offers a 
larger repertoire of molecules with similar functions. 

Although BMP is one among the growth factors, it is 
unique. It is the only morphogen of all known growth fac- 
tors mat has the ability to transform connective tissue cell 
into osteoprogenitor cells; thus, it is not only a mitogen 
stimulating the multiplication of connective tissue cells 
but can be a morphogen, which is able to transform con- 
nective tissue cells into osteoprogenitor cells. All other 
grown) factors such as TGF0, insulin-like growth factor, 
fibroblast growth factor, PDGF, and vascular endothelial 
growth factor all induce multiplication of cells but do not 
transform one cell type into the other. 

SIGNALING MECHANISM OF BONE 
MORPHOGENETIC PROTEINS 

The BMP receptors on the cell surface are made up of 
Type I and Type n ser±ie/threonine kinase proteins. This 
receptor protein is unique to the TGF0 superfamily of 
growth factors including BMP. The binding of the ligand 
to me Types I and II serine/threonine kinase transmem- 
brane receptors results in the formation of heterotetramer 
complex and activation of the signaling cascade. Immedi- 
ately after the binding, the Type II receptor kinase phos- 
phcrylates the Type I receptor. In turn, the Type I receptor 
phosphorylates the intracytoplasmic signaling molecules 
Smads 1, 5, and 8. Following the phosphorylation, Srnads 
1, 5, and 8 bind to Smad 4 and translocate into the cell 
nucleus. The entry of the Smads 4/phosphorylated- 
Smad-1, 5, 8 complex into the cell nucleus results in the 
activation of transcriptional factors for the early BMP 
response genes. Hie BMP signaling cascade, however, is 
far more complex than indicated by this brief description. 
There seems to be considerable "cross-talk" between sig- 
naling molecules of other growth factors with the BMP 
signaling complex. This reactivity is undergoing elucida- 
tion at this time. 



TABLE 3 

Milestones in the discovery and use of BMPs* 



Authors/Company & Year 



Observation/Discovery 



Seun. 1889 

Levander, 1934 & 1938 
Sharrard & Collins, 1961 
Urist, 1965 

Sarnpalh & Rcddi, J 98 1 
Johnson, et ah, 1992 

Creative BioMolecules & Genetic Institute, 1990s 
Stryker Corp & Medtronic Sofamor Danek, 2002 



decalcified ox bone promotes healing of osteomy clitic defects 
erode alcohol extracts of bone induce bone formation 
EDTA -decalcified allograft induced spinal fusion in children 
acid-decalcified bone induced ectopic bone in rat model 

crude but reproducible quantitative bioassay for BMP; bone matrix when dissociated f>om BMP 

ineffective in bone induction; reconstituted matrix effective 
purified human BMP successful clinically 

virtually simultaneous gene sequencing for various BMPs and related patent dispute 
FDA approval of OP-1 (BMP-7) for long bone defects (Stryker) & BMP-2 in a collagen carrier 
within a cage for AIJF (Medtronic Sofamor Danek) 



* AIJF ■ anterior lumbar interbody fusion; EDTA = ethyl enediamin etetraacetic acid. 
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TABLE 4 
Bone morphogenetic protein family 



BMP 



Function 



BMP-2 osteoinductive, osteoblast differentiation, epotosis 

BMP-3 (osteogenin) most abundant BMP in bone, inhibits osteogenesis 
BMPs 

BMP-4 osteoinductive, lung & eye development 

BMP- 5 chemdro genesis 

BMP-6 osteoblast difFerentiation, chondrogenesis 

BMP-7 (OP-1) osteoinductive,, development of kidney & eye 

BMP-8 (OP-1 ) osteoinductive 

BMP-9 nervous system, hepatic reticuloendomelial sys- 
tem, hepatogenesis 

BMP- 10 cardiac development 

BMP-1 1 (GDF-8, patterning mesodermal & neuronal tissues 
myostatm) 

BMP- 12 (GDF-7) induces tendon-Qiac tissue formation 

BMP- 13 (QDF-6) induces tendon & Ugament-like tissue formation 

BMP- 14 (GDF-5) chondrogenesis, enhances tendon healing & bone 

BMP- 15 modifies fofficle-stmiulatmg honnone activity * 



* GDF = growth/differentiation factor. 



Dosage of BMP 

It has been estimated that normal bone contains approx- 
imately 0.002 mg of BMP per kilogram of pulverized 
bone. At a fracture site, presumably the BMP is released 
at a higher concentration because of the secretion by the 
transformed inflammatory cells into osteoprogenitor cells 
and upregulation of BMP from the released cytokines at 
the fracture site. The exact concentration of the BMP at 
the fracture site as opposed to physiological concentration 
in the normal bone is unknown. 

The concentration required for ideal induced bone 
bridging in osseous defects depends on several factors. 
First is the state of die organism in die evolutionary scale. 
Lower forms such as rodents heal much fester than high- 
er forms such as subhuman primates. Experimental stud- 
ies involving larger, highly evolved animals require more 
BMP for the fusion of comparable defects induced in the 
lower mammals. Additionally, the type of defect should 
be considered. Simple closed fractures whose ends are 
apposed by external splinting or internal stabilization do 
not require, any extxaneousry introduced BMP; is a 99% 
fusion rate. Apparently, the enhanced BMP released local- 
ly at die site of fracture is sufficient to induce bridging of 
the broken fragments if they are in apposition. Tb^erefbre, 
the use of BMP is seldom considered when treating 
straightforward long bone fractures. On the other hand, 
fractures in which there are critical segmental defects in 
the long bones do not heal spontaneously. They require 
adjuvant autograft or BMP for adequate healing. 

For spine application in the spine, the interbody fusion 
is less demanding than intratransverse fusion. The latter is 
well known to be associated with the highest non fusion 
rates. The favorable outcome of interbody fusion is relat- 
ed to the feet that drilling of the cortical endplate exposes 
the bone marrow at the adjacent opposing surface of the 
fusion, and there is a contiguous supply of bone marrow 
cells. The gap is seldom more than 13 mm between the 
vertebral bodies in the lumbar region. The vascularity 
from the osseous surface is significant The graft is in the 



compression mode. All of these factors lead to a favorable 
outcome with regard to the potential for fusion and require 
smaller doses of BMP. 

In contrast, intertransverse fusion is very demanding. 
Limited surface area is provided for the exposed cancel- 
lous bleeding bone. The linear dimension of the bone to be 
bridged is generally of the order of 2.5 cm. The bone graft 
is not loaded. All these factors lead to poor outcome, and 
in this context the largest doses of BMP need to be used 
(3-3.5 mg). 

The authors of dose escalation studies in animal models 
have indicated that the superphysiological dose approach- 
ing 3 to 3.5 mg of BMP is sufficient m virtually all cases 
to induce new bone and to bridge the osseous defect 
Additional doses of BMP do not confer any benefit in 
terms of fusion rate or the time taken far the fusion to 
occur. Hie quality of BMP-induced bone is comparable 
with and is mdistmguishable from the natural bone. The 
difference in bone healing when applying BMP is that 
under normal conditions hi the ab sconce of BMP the bone 
growth occurs from the bone margins of the gap to be 
filled and progressively creeps from the ends toward lite 
center; whereas with BMP-induced bone, however, is 
formed concurrently throughout the defect Thus, BMP 
transforms inflammatory cells into osteoprogenitor cells 
that may freely cross the gap in a concurrent fashion and 
lay down bone simultaneously to close the gap. 

Bone induced under the influence of BMP matures 
faster than natural healing of the bone. In humans, healing 
is complete by 8 to 10 weeks as opposed to 12 to 16 weeks 
when autograft is used. 



CARRIERS FOR BMP 

Bone morphogenetic protein is a water-soluble relative- 
ly low-molecular weight protein that diffuses very easily 
in die body fluids. When administered in a surgical setting 
such as in spinal fusion, because the protein will diffuse 
very rapidly in wound hematomas or can be irrigated 
away or lost in the suction drainage, it is necessary to con- 
tain the BMP. In an experimental setting BMP delivered 
without a carrier does not endure more than a few hours at 
the deposited site. It is therefore necessary to contain the 
BMP m a carrier so that it will have a localized effect at 
the bone healing site. 26 

The need for a carrier has been recognized since BMP 
was initially identified. Various carriers have been inves- 
tigated experimentally and clinically. 5 The BMP carriers 
can be broadly classified into inorganic salts, naturally 
occurring polymeric substances, synthetic polymers, and 
composites of synthetic and naturally occurring polymers. 

An ideal carrier should neither induce an inflammatory 
response nor immime reaction. Degra d a tion of the carrier 
should not result in toxic residues. Ideally the carrier 
should be absorbed concurrent with bone healing, leaving 
no residue. It should be porous, the porosity being equiv- 
alent to cancellous bone. The porosity permits trapping of 
inflammatory cells and bone growth factors. Debate exists 
regarding the ideal configuration and the sizes of the por- 
osity needed for bone growth. There are competing claims 
concerning the intocommunicating nature of the porosity 
with open ends at the surface and the size of the pores. It 
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is generally agreed that the pore size should be at least 
comparable with the porosity in the cancellous bone. Pore 
size even larger than that is thought to be beneficial. 
Whether the pores should be blind pockets or communi- 
cating with each other as well as with the environment is 
somewhat debatable, and there is no definitive answer to 
this question. 

The most commonly used inorganic salts are Ca phos- 
phate and Ca0 4 S. The hydroxyapatite, which is a natural- 
ly occurring bone mineral and is resorbed rather slowly, 21 
is becoming less popular than the alternate TCP. The TCP 
granules are extensively used as a bone extender. It is 
absorbed slightly faster (~45— 60 days) than the rate of for- 
mation of the bone. It can be formulated with varying 
porosities. Although TCP is a commonly used laboratory 
chemical, induction of the ideal pore size and geometry 
requires modification in the synthetic process, which can 
be a patent-protected mteUectual property. Although used 
experimentally, TCP granules have not been extensively 
used with BMP in a clinical setting. Phosphate cements 
are not porous and therefore are not considered as carriers 
for BMP. 

Collagen is the most commonly used earner, and Type 
I collagen is preferred. This can be obtained from bone or 
from tendons and ligaments. Bovine collagen is currently 
used in the clinical setting as a carrier. It has become 
apparent from practical use, however, that BMP binds 
tightly to the bone-derived collagen and not to the tendon- 
derived collagen. Therefore, the use of BMP-2, which has 
been approved by FDA for human use, is restricted Be- 
cause BMP can be easily squeezed out of the collagen by 
axial loads and under pressure, it has to be contained in a 
cage for interbody fusion. Due to fear of the BMP escap- 
ing into the epidural space and causing unwanted bone m 
the epidural location, it has not yet been approved for 
intertransverse fusion. Osteogenic protein-1 or BMP-7 
uses bone-derived collagen, which binds strongly to the 
BMP presumably through hydrogen bonding. Because of 
mis tighter bonding, OP-1 does not require containment in 
a cage. Currently OP-1 is used only for long bone defects. 
It has not been approved for applications in the spine. De- 
mineralized bone matrix as a carrier has not gained pop- 
ularity because of the risk of mimunogenicfty and the risk 
of disease transmission. Other natural polymers that have 
been considered as a carrier are hyalurone, fibrin, chfto- 
son, alginate, and other animal- or plant-derived polysac- 
charides. None of these has gained acceptance for human 
use at the time of this writing. 

Synthetic polymers carry the advantage of abundant un- 
limited supply, low or no antigenicity, predictable absorp- 
tion, and no risk of disease transmission. Although polyg- 
fycolic acid and poly lactic acid derivatives have been 
explored, their degradation products can produce giant 
cell reaction; the binding affinity of BMP to the synthetic 
polymers is not as good as that for collagen. Therefore, at 
present synthetic polymers are not used extensively in 
humans but are likely to be used when advances in poly- 
mer technology occur. 

In summary, the most commonly used carrier for hu- 
man use is Type I collagen. Bone-derived collagen ap- 
pears to have an advantage over collagen-derived from 
tendons and ligaments because of tighter binding. 



GENE THERAPY 

Delivery of the BMP gene as a transgene for the target 
cells remains a potential strategy. 5 The genetic material 
can be delivered either via a nonreplicating viral vector 
or nonviral vector. A consistent problem associated with 
gene therapy has been the low transduction rate. In ad- 
dition, sustained expression has been difficult to achieve, 
although with BMP and other growth factors sustained 
lifetime expression is not needed. Rather, it is needed only 
throughout the bone healing process. Nonetheless, consid- 
erable work is required before gene therapy becomes a 
reality in a clinical setting. 

LONG TERM CONCERNS WITH BMP 

There are several long-term concerns about the use of 
recombmantly manufac tured BMPs in humans. 12 Hie 
effects of high doses of BMP on a developing embryo are 
unknown. Therefore, at this time its use during pregnancy 
is not advised. Although it is a human protein, there is a 
risk of developing an immune reaction to the protein. This 
risk increases if BMP is administered more than once such 
as in cases of repeated fusion. The magnitude of tins risk 
remains unknown. 

Development of an osteogenic sarcoma is possible, al- 
though experimental dose escalation studies in animal 
models have not induced neoplasm. It is of some concern 
that spontaneously evolving osteosarcomas contain high 
levels of BMPs. 

Uncontrollable bone growth in the vicinity of the neur- 
al structures, especially nerve roots and cauda equina, is a 
potential problem. This can only be solved using efficient 
carriers that bind the protein tightly, preventing BMP re- 
lease during of protein axial loading. 



OTHER USES OF BMP 

Bone morphogenetic protein affects organ systems oth- 
er than bone. 1 It is believed to be a brain protective agent. 
In feet, in an ischemic rat model, BMP has been shown to 
offer protection by reducing the size of the infarct It is an 
in triguing possibility that in the future BMP may be use- 
ful as a protective agent in severe head trauma and stroke. 

hi patients with chroni c renal disease levels o f BMP are 
lower because kidneys are their primary source in the 
human adult It is possible that systemic administration 
of BMP may restore some of tile renal functions in pa- 
tients with chronic renal failure. Additionally, spine sur- 
geons are all too familiar, with the renal osteodystrophy 
syndrome that occurs in patients undergoing long-term 
dialysis in cases of endstage kidney disease. Fusion rates 
in these individuals are dismaL Application of BMP local- 
ly may be beneficial. 

There is considerable ongoing research to determine 
whether a combination of growth factors (other than BMP) 
and demineralized bone matrix along with bone marrow 
aspirate will prove an appropriate substitute for BMP. Re- 
cent experimental results are encouraging, but large clini- 
cal trials are required to determine if combination therapy 
will be as efficacious as recombinantly derived human 
BMP for inducing osseous fusion. 
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CONCLUSIONS 

The cellular and molecular events governing bone for- 
mation in the embryo, healing of a fractured bone, and in- 
duced bone fusion follow virtually identical patterns. The 
discovery, purification, and synthesis of BMPs involving 
recombinant techniques constitutes a major milestone in 
the understanding of bone physiology. The mechanism of 
action, clinical application, dosage, and optimum carriers 
for the protein have been discussed. The roles played by 
other growth factors have also, been discussed. 
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